Seven extracts were prepared from Mentha x piperita (peppermint) leaves in sequence using a Soxhlet apparatus, viz. (40-60°) light petroleum (PE), dichloromethane (CH 2 Cl 2 ), acetonitrile (ACN), ethyl acetate (EtOAc), methanol (MeOH), n-butanol and water (H 2 O) extracts. The phenolic and flavonoid content of each extract were estimated using spectrophotometric methods whilst a qualitative-quantitative analysis was made by reverse-phase high performance liquid chromatography coupled with photodiode array detection (HPLC-PDA). Each extract was assessed in a battery of six antioxidant-related assays so as to determine their iron(III) reductive, iron(II) chelating and free radical scavenging abilities. The MeOH-soluble extract contained the greatest content of total phenols and flavonoids based upon the Folin-Ciocalteu and 2-aminoethyl diphenylborate reagent data and HPLC-PDA analysis. Based upon the chromatographic and UV-spectral data, the leaves principally contained the cinnamic acid caffeic acid, the depside rosmarinic acid and flavonoids (flavones and flavanones). Eriocitrin (383.3 ± 2.2 mg/g extract) and rosmarinic acid (381.2 ± 1.9 mg/g extract) were the most abundant components identified within the leaves, whilst naringenin-7-O-glucoside (0.8 ± 0.01 mg/g extract) was the least abundant component identified being found only in the EtOAc-soluble extract. The EtOAc, ACN and H 2 O-soluble extracts demonstrated the most potent iron(III) reductive and 1,1′diphenyl-2-picrylhydrayl, 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonate) and hydroxyl free radical scavenging properties; however, the H 2 O and CH 2 Cl 2 -soluble extracts were the most potent extracts in the β-carotene-linoleic acid bleaching inhibition assay. In terms of iron(II) chelation -an important antioxidant property -the PE, MeOH and H 2 O extracts demonstrated moderate iron(II) chelating activity.
During the 1950s, Chipault and co-workers demonstrated that extracts from various herbs and spices were useful against oxygen-mediated degradation of fats [1] . Since then, an enormous amount of published works has shown that the plant kingdom is especially rich in natural compounds capable of scavenging reactive oxygen and nitrogen species. The importance of these chemical species in human health and biology has only become apparent fairly recently.
The importance oxidative stress plays in the etiology and pathogenesis of chronic diseases such as cancer, cardiovascular and neurodegenerative disease has only recently been clarified. This, coupled with epidemiological and clinical evidence, has stimulated a new awareness of antioxidant phytochemicals as a potential pharmaceutical approach against these indications. Therefore, the screening of plant extracts, particularly from edible plants, has relevance today. Thus, we have decided to assess the chemical composition and evaluate the in vitro antioxidant activities of Mentha x piperita L. (peppermint) extracts with solvents with different strengths and selectivities. and is used in foods for its organoleptic properties [2] . A literature search reveals that M. x piperita has been ascribed a variety of biological properties, viz. antiallergenic [3] , antibacterial [4] , anti-inflammatory [3] , antimycotic [5] , antioxidant [6] , antitumor [7] , antiviral [8] , gastrointestinal protective [9] , hepatoprotective [10] and chemopreventive [11] . Furthermore, reports of adverse reactions or clinical toxicity appear to be limited in number [12, 13] .
Previously, we reported the chemical composition and antioxidant-related activities of water-soluble Mentha extracts. Amongst those extracts evaluated, M. x piperita was shown to possess consistently high levels of activity in the in vitro assays used [6] . Thus, we decided to make a more detailed investigation of this hybrid and report the phenolic profiles and antioxidant properties of (40°-60°) light petroleum (PE), dichloromethane (CH 2 Cl 2 ), acetonitrile (ACN), ethyl acetate (EtOAc), methanol (MeOH), n-butanol (n-BuOH) and water (H 2 O) extracts.
As can be seen from the extract yields, total phenol and total flavonoid content data in Table 1 , the solvents had different quantitative and qualitative extraction efficiences. Quantitatively, the use of MeOH, H 2 O and n-BuOH produced the greatest extract yields; however, qualitatively, the EtOAc, MeOH, H 2 O and ACN solvents isolated extracts with the highest total phenol and total flavonoid contents.
The qualitative-quantitative analysis for the different extracts by HPLC-PDA analysis is presented in Table  2 . Phenolic components identified by retention time and UV spectral comparisons with authentic standards analyzed under identical analytical conditions included caffeic acid, the depside rosmarinic acid and flavonoids. Flavonoids included the flavanone aglycone eriodictyol and glycosides eriocitrin (eriodictyol-7-O-rutinoside), hesperidin (hesperetin-7-O-rutinoside) and naringenin-7-O- glucoside, the flavone aglycone luteolin and the glycosides isorhoifolin (apigenin-7-O-rutinoside) and luteolin-7-O-glucoside. Eriocitrin and rosmarinic acid were the most abundant components identified at 37.6% and 37.4%, respectively, followed by luteolin-7-O-glucoside (16.1%), hesperidin (6.5%), isorhoifolin (1.2%), eriodictyol (0.5%), caffeic acid (0.3%), luteolin (0.3%) and naringenin-7-O-glucoside (0.1%). Our data are in general agreement with previous published studies on Mentha species [2, 6, [14] [15] [16] .
The ability of polyphenolic compounds to participate in electron transfer (ET) and hydrogen atom transfer (HAT) reactions is an important mechanism of antioxidant action. To assess the extracts ability to participate in ET-type reactions, their iron reducing efficacy was determined.
From the ascorbic acid equivalents (AscAE) data presented in Figure 1 , it is clear that the extracts were capable of ET-type reactions and did so with different degrees of efficacy ranging from 0.06 ± 0.00 to 1.20 ± 0.10 mmol ascorbic acid/g, increasing in the order PE < CH 2 Cl 2 and n-BuOH (statistically Transition metals catalyze hydroperoxide decomposition and Fenton chemistry-type reactions which can lead to initiation and propagation of free radical chain reactions in susceptible media [17] , so the ability to chelate-inactivated such species is an important antioxidant property [6] . Deprotonated phenolic compounds possess a high charge density which enables them to bind suitably charged transition metal ions [18] . Therefore, extracts rich in polyphenolic components should be able to prevent the occurrence of such detrimental chemical reactions. To assess the extracts ability to chelate transition metals, their iron chelating efficacy was determined.
From the experimental EC 50 data, the concentration required to chelate 50% of the available iron ( Figure  2 ), it can be seen that only the PE, MeOH and H 2 O extracts possessed the ability to chelate iron at reasonable concentrations. The ACN, EtOAc and n-BuOH extracts were very poor iron chelators, (1) (2) (3) (4) (5) (6) (7) which suggests that they would not be capable of a protective role against oxidative damage catalyzed by available iron.
Membranes are highly susceptible to oxidative degradation via free radical-mediated chain reactions. A commonly used assay to assess inhibition of such reactions is the β-carotene-linoleic acid bleaching assay [19] . A sample capable of inhibiting this reaction can be described as a primary antioxidant [19] . As free radical scavenging is a cardinal antioxidant property [17] , the ability of the extracts to inhibit β-carotene bleaching was assessed.
From the percentage antioxidant activity (AA%) data, it can be seen that the extracts inhibited the bleaching of β-carotene and did so with different degrees of efficiency ( Figure 3 ). The activity ranged from 6. Ascorbic acid proved to be pro-oxidant in agreement with previous reports [20] .
Therefore, the extracts can described as acting as primary antioxidants, which suggests that they may play a benefical role in preventing the initiation or propagation of free radical-mediated detrimental chain reactions in either biological or non-biological media.
Free radicals are involved in the process of lipid peroxidation and play an important role in the etiology and pathogenesis of various chronic diseases and premature aging. Therefore, it is important to determine the free radical scavenging activity. Perhaps the most widespread synthetic free radical used for this is the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical [21] .
From the estimated IC 50 data, the concentration required to scavenge 50% of the available DPPH • , it can be seen that all the extracts were capable of scavenging DPPH • and did so with different degrees of efficacy ( Figure 4 ). The DPPH • scavenging results suggest that the extracts are capable of scavenging free radicals at physiological pH and thus may be able to prevent the initiation/propagation of free radical-mediated chain reactions by stabilizing reactive species before they can participate in deleterious reactions, e.g. the abstraction of hydrogens from susceptible polyunsaturated fatty acids.
To further confirm the free radical scavenging activity of the extracts, an alternative synthetic 2,2′azinobis(3-ethylbenzothiazoline-6-sulfonate) radical (ABTS •+ ) model was used [22] .
From the Trolox antioxidant activity (TAA) data, it can be seen that the extracts were able to scavenge ABTS •+ by either ET/HAT-reactions and did so with different degrees of efficacy ( Figure 5 ). The activity ranged from 0.08 ± 0.11 to 1.43 ± 0.05 TAA units, increasing in the order PE and n-BuOH (statistically indistinguishable, p > 0.05) < n-BuOH and CH 2 Cl 2 (statistically indistinguishable, p > 0.05) < EtOAc < ACN and MeOH (statistically indistinguishable, p > 0.05) < H 2 O < Trolox < ascorbic acid < BHA. The results suggest that the extracts are capable of scavenging free radicals and thus may be able to prevent the initiation of free radical-mediated chain reactions by stabilizing reactive species before they can participate in deleterious reactions via a mechanism of either ET or HAT. In conclusion, the data confirm that the leaves of M.
x piperita contain high levels of polyphenolic compounds as determined by the total phenolic and total flavonoid content, which includes caffeic acid, rosmarinic acid and various flavonoids. Results from the antioxidant screen revealed that the extracts possess iron(III) reductive and free radical scavenging activities because of their constituents ability to donate electrons/hydrogens, but did not significantly chelate iron. The free radical scavenging potential of the leaf material appears to be mainly extractable with the use of ACN, EtOAc, MeOH and H 2 O without loss of significant activity. The experimental data suggests that M. x piperita leaf extracts could be used for a variety of uses particularly in cosmetic, food and pharmaceuticalrelated applications.
Experimental
Materials: Leaf material of M. x dalmatica was collected in Piikkiö (Agrifood Research Finland, Horticultural Institute) and grown in the Mint Collection of Agrifood Research Finland, Mikkeli, Finland. Ultra-pure water (HPLC grade) was used throughout and was prepared using a Millipore system (Millipore Corp., Bedford, MA USA). All reagents used in this study were of the highest purity commercially available and were obtained from the usual sources.
Extraction: Leaves were milled and 40.8 g was packed into a paper thimble and transferred into a Soxhlet apparatus. The material was sequentially extracted with 250 mL of PE, CH 2 Cl 2 , ACN, EtOAc, MeOH, n-BuOH and H 2 O. Organic extracts were dried over anhyd. MgSO 4 and the solvent was removed in vacuo (< 40°C). The aqueous extract was lyophilized. All extracts were stored at 4°C until required.
Total phenol content:
The total phenol content was estimated as gallic acid equivalents [23] . To ca. 6.0 mL H 2 O, 100 µL dissolved extract was transferred to a 10.0 mL volumetric flask to which was subsequently added 500 µL undiluted Folin-Ciocalteu reagent. After 1 min, 1.5 mL 20% (w/v) Na 2 CO 3 was added and the volume was adjusted to 10.0 mL with H 2 O. After a 30 min incubation at 25°C, the absorbance was measured at 760 nm and compared to a preprepared gallic acid calibration curve.
Total flavonoid content:
The total flavonoid content was estimated as rutin equivalents [24] . To a 1 mL sample, 100 µL of a 1% (w/v) 2-aminoethyl diphenylborate solution (in MeOH) was added. After a 15 min incubation, the absorbance was measured at 404 nm and compared to a preprepared rutin calibration curve.
HPLC-PDA analysis:
The liquid chromatographic apparatus (Waters 600) consisted of an in-line degasser, pump and controller coupled to a 2996 photodiode array detector equipped with a Rheodyne injector (20 μL sample loop) interfaced to a PC running Millenium 32 chromatography manager software (Waters Corp., Milford, MA.). Separations were performed on a reverse-phase Hypersil BDS-C18 analytical column (250 x 4.6 mm i.d., particle size 5 µm) (Agilent Technologies, Milford, MA.) operating at room temperature with a flow rate of 0.7 mL/min. Detection was carried out with a sensitivity of 0. and MeOH (solvent C). The composition of B was increased from 15% to 30% in 15 min, to 40% in 3 min and held for 12 min, then increased to 100% in 5 min; the composition of C was then increased to 15% in 2 min, to 30% in 11 min and then returned to the initial conditions in 2 min. Components were identified by comparison of their retention times to those of authentic standards under identical analytical conditions and UV spectra using our in-house PDA-library. A 10 min equilibrium time was allowed between injections.
All extracts and standards were dissolved in 70% aq. MeOH to a concentration of 10 mg/mL and 1 mg/mL, respectively. The concentration used for the calibration of caffeic acid and rosmarinic acid was 0.009-0.700 mg/mL and 0.005-0.500 mg/mL for eriocitrin, luteolin-7-O-glucoside, naringenin-7-Oglucoside, hesperidin, isorhoifolin, eriodictyol, luteolin, hesperetin, and apigenin. The wavelengths of 280, 320 and 360 nm were used for quantification of phenolic compounds.
Iron(III) reduction:
The iron(III) reductive capacity of the extracts was assessed spectrophotometrically [25] . One mL of dissolved extract was mixed with 2.5 mL phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of a 1% (w/v) potassium hexacyanoferrate solution. After 30 min at 50°C, 2.5 mL (10%, w/v) trichloroacetic acid (TCA) was added and the mixture was centrifuged for 10 min. Finally, a 2.5 mL aliquot was mixed with 2.5 mL H 2 O and 0.5 mL (0.1%, w/v) FeCl 3 solution and the absorbance was recorded at 700 nm. Values are presented as ascorbic acid equivalents, AscAE [mmol ascorbic acid/g extract] calculated from a preprepared ascorbic acid calibration curve.
Iron(II) chelation:
The ability of the extracts to chelate iron(II) ions was determined spectrophotometrically [26] . A 200 µL aliquot of dissolved extract was added to 100 µL (2.0 mM) FeCl 2 solution and 900 µL MeOH. After 5 min, 400 µL (5.0 mM) ferrozine solution was added. Ten minutes thereafter, the absorbance at 562 nm was recorded. Iron(II) chelating activity was calculated using Equation 1. EC 50 values were estimated using a non-linear regression algorithm. β-Carotene-linoleic acid bleaching: The ability of the extracts to prevent the bleaching of β-carotene bleaching was determined spectrophotometrically [21] . Five mL aliquots of the reaction emulsion (4 µg/mL β-carotene, 0.4 mg/mL linoleic acid and 4 mg/mL Tween 20) were transferred to tubes containing 50 µL (1 mg/mL) dissolved extract or positive controls. After mixing, an aliquot was transferred into a cuvette and the absorbance at 470 nm was recorded at t = 0 min (Abs 0 ). The remaining sample-emulsions were placed in a water bath at 50°C for a period of 2 h, after which the absorbance of each sample was remeasured (Abs 120 
ABTS •+ radical scavenging:
The ability of the extracts to scavenge ABTS •+ radicals was determined spectrophotometrically [22] . The ABTS •+ radical was generated by reacting an (7 mM) aq. ABTS solution with K 2 S 2 O 8 (2.45 mM, final concentration) in the dark for 12-16 h and adjusting the Abs 734 nm to 0.700 (± 0.030) at ambient temperature. Extracts were diluted such that a 15 µL sample, when added to 1.485 mL ABTS •+ solution, resulted in a 20%-80% inhibition of the absorbance. After the addition of a 15 µL aliquot of Trolox/standards/extract to 1.485 mL ABTS •+ , the absorbance at 734 nm was recorded 1 min after initial mixing and subsequently at 1 min intervals (30 min in toto).
The percentage inhibition was plotted as a function of concentration and the total antioxidant activity (TAA) was calculated using a preprepared Trolox calibration curve.
Ascorbate-iron(III)-catalysed hydroxyl radicalmediated phospholipid degradation:
The ability of the extracts to protect phospholipids from hydroxyl radical-mediated degradation was determined spectrophotometrically [28] . Bovine brain extract (Folch type VII) was mixed with 10 mM phosphate buffered saline (PBS, pH 7.4) and sonicated in an ice bath until an opalescent suspension was obtained containing 5 mg/mL phospholipid liposomes. The liposomes (0.2 mL) were combined with 0.5 mL of PBS buffer, 0.1 mL of 1 mM FeCl 3 and 0.1 mL of dissolved extract or positive controls. The peroxidation was initiated by adding 0.1 mL of 1 mM ascorbate. The mixture was incubated at 37°C for 60 min. After incubation, 50 µL of 2% (w/v) butylated hydroxytoluene (in EtOH) was added to each tube, followed by 1 mL of 2.8% (w/v) TCA and 1 mL of 1% (w/v) 2-thiobarbituric acid (TBA) (in 0.05 M NaOH). The solutions were heated in a water bath at 100°C for 20 min. The resulting (TBA) 2 -malondialdehyde chromogen was extracted into 2 mL of n-BuOH and the extent of peroxidation was determined in the organic layer at 532 nm. The percentage inhibition was calculated using Equation 1. IC 50 values were estimated using a non-linear regression algorithm.
Statistical analysis:
Data are presented as mean values ± 95% confidence intervals unless otherwise stated. Analysis of variance was performed using ANOVA procedures. Significant differences between means were determined by Tukey's pairwise comparison test at a level of p < 0.05.
